INTRODUCTION
Three methods have been used to prepare cultured cells for electron probe X-ray microanalysis (EPXMA): (1) analysis at the subcellular level of freeze-dried ultrathin cryosections with scanning transmission electron microscopy (STEM); (2) analysis at the cellular level of whole freeze-dried cells with STEM; and (3) analysis at the cellular level of whole freeze-dried cells with scanning electron microscopy (SEM) (for a review see: Wroblewski and Roomans, 1984; Wroblewski and Wroblewski, 1993; Warley, 1994) . However, EPXMA of whole freeze-dried cells with SEM has some disadvantages. This method requires that cultured cells be adapted to growth on a thick substrate such as plastic or glass coverslips (Zierold and Schäfer, 1988) , graphite discs (Abraham et al., 1985; Larsson et al., 1986) and microcarrier beads (Hall et al., 1992) . In addition, a suitable washing procedure to remove the extracellular medium must be found because the deposition of culture medium on the cell surface after freezing and freeze-drying may interfere with X-ray spectra from the cell. Moreover, it is difficult to perform absolute quantitative analyses of elemental content, since the substrate may contribute to the background, decreasing the peak-to-background (P/B) ratio (Roomans, 1981) . We present here a simple method to study the intracellular concentrations of elements in whole cultured epithelial tumour cells by EPXMA with scanning electron microscopy.
MATERIALS AND METHODS

Cell culture
The MCF-7 (clone BUS) breast cancer cell line was maintained in Dulbecco's modified Eagle's medium (DMEM, Sigma, St Louis, MO, U.S.A.) supplemented with 10% fetal bovine serum (FBS) at 37 C in an atmosphere of 5% CO 2 in air. Cells were subcultured every 7 days in 75 cm 2 tissue culture flasks (Nunc, Roskilde, Denmark) and the culture medium was changed with 48 h.
Sample preparation for X-ray microanalysis
For EPXMA studies, MCF-7 cells were subcultured using 0.25% trypsin-EDTA at a density of 2.5 10 4 cells/ml in polycarbonate tissue culture plate well inserts of 0.4 m pore size (Millicell , Millipore, Bedford, MA, U.S.A.) placed into 24-well tissue culture plates (Nunc, Roskilde, Denmark). Cells were cultured in DMEM supplemented with 10% FBS at 37 C in 5% CO 2 . After 48 h, polycarbonate membrane filters were washed with ice-cold washing solution for 5 s to remove the culture medium. We tested 150 m ammonium acetate, 300 m sucrose, and distilled water as washing solutions. After washing, specimens were immediately plunge-frozen in liquid nitrogen and placed in a precooled aluminium specimen holder at liquid nitrogen temperature. The specimen holder was then transferred to an E5300 Polaron freeze-drier (Polaron, Watford, U.K.), and cells were freeze-dried for 20 h at 50 C. The membrane filters were then fixed to adhesive graphite *To whom correspondence should be addressed. lamina on SEM stubs, and carbon evaporated in a high vacuum coating system (Hitachi, Tokyo, Japan).
Electron probe X-ray microanalysis
Samples were analysed in a Philips XL30 scanning electron microscope (Philips, Eindhoven, The Netherlands) equipped with an energy dispersive X-ray detector system (EDAX International). The analytical conditions were: 15 kV accelerating voltage, tilt angle 35 , take-off angle 60 , and working distance 10 mm. Cell element concentrations were obtained with the peak-to-localbackground (P/B) ratio method (Statham and Pawley, 1978; Boekestein et al., 1984) with reference to standards composed of dextran 20% containing known amounts of inorganic salts (Warley, 1990) . Statistical significance was determined by one-way analysis of variance. Analysis of the probability of statistical significance between mean values was performed using the Bonferroni test; a value of P<0.05 was considered statistically significant.
RESULTS AND DISCUSSION
A critical step in the preparation of cultured cells for EPXMA and SEM is adaptation of the cells to growth on a thick substrate. In this study, we used polycarbonate tissue culture plate well inserts, which are compatible with the growth of MCF-7 cells and do not interfere with the elements of the cellular spectra. Typical X-ray spectra obtained from unwashed and washed polycarbonate tissue culture plate well inserts are shown in Fig. 1 . Compared with the spectrum from an unwashed filter, the spectrum from washed polycarbonate membrane filters shows no Na and Cl peaks. However, this type of substrate has been used infrequently (Sagström et al., 1992; Hall et al., 1993; von Euler et al., 1993; Borgmann et al., 1994) despite its advantages. These cell culture devices provide a more favourable environment where the widely used impermeable substrates (e.g. plastic and glass coverslips, graphite discs) permit access to both the apical or basal domains of cultured cells, and enhance the differentiation of epithelial cells. In addition, polycarbonate tissue culture plate well inserts can be cryosectioned (not shown), which facilitates analysis of the elemental composition and physical distribution in subcellular compartments.
Another critical step in the preparation of whole cultured cells for EPXMA with SEM is the choice of a suitable washing procedure to remove the extracellular medium. This procedure should not damage the plasma membrane nor induce ion redistribution. We used 150 m ammonium acetate, 300 m sucrose and distilled water as washing solutions. Figure 2 shows the morphological appearance of MCF-7 cells after washing with 150 m ammonium acetate, 300 m sucrose, or distilled water in comparison with unwashed cells. Ammonium acetate (150 m) did not preserve the surface morphology of MCF-7 cells. In addition, 300 m sucrose, although it did remove the extracellular medium, remained adhered to the cell surface, forming a thin film after freezing and freeze-drying which masked the surface morphology of cultured cells. In contrast, distilled water was most effective in removing the culture medium and preserving the morphological appearance of MCF-7 cells.
The elemental composition of whole freeze-dried cells after different washing procedures is shown in Table 1 . Our results demonstrate that all three washing solutions removed the culture medium. Washed cells had lower concentrations of Na and Cl in comparison with unwashed. Our results also demonstrate that cells washed with 300 m sucrose or distilled water have higher K contents compared with cells washed with 150 m ammonium acetate. These data are in agreement with previous reports (James- Kracke et al., 1980; Wroblewski et al., 1983) . However, we obtained lower concentrations of P and K (250 and 400 mmol/kg dry weight, respectively) in comparison with data obtained with other different preparative procedures such as analysis at the subcellular level of freeze-dried ultrathin cryosections and analysis at the cellular level of whole freeze-dried cells (400 and 600 mmol/ kg dry weight, respectively) with STEM (Zierold and Schäffer, 1988; von Euler et al., 1993; Warley et al., 1994a; Zierold et al., 1994) . Warley et al. (1994b) reported similar data in a comparison of the element content from human lymphocytes and K562 cells which were prepared as whole cells or cryosections and analysed with SEM and STEM. These differences in the intracellular content of P and K were probably due to differences in the area of cell sampled by the different procedures.
In addition we calculated the K/Na ratios after each washing procedure in comparison with unwashed MCF-7 cells. The highest K/Na ratios were obtained after washing with 300 m sucrose (12.9 0.6) and distilled water (11.0 0.6). Cultured cells washed with 150 m ammonium acetate had a K/Na ratio of 4.9 0.6. Unwashed cells yielded a K/Na ratio of 1.2 0.1.
Taken together, these results demonstrate that ice-cold distilled water is the most satisfactory washing solution to prepare cultured epithelial cells for studying the elemental content by EPXMA with SEM. This finding is in agreement with other reports in human diploid fibroblasts (Abraham al., 1985) , cultured proximal tubule cells (Larsson et al., 1986) , renal A6 cells (Borgmann et al., 1994) , and epithelial cell lines such as MDCK, LLC-PK, and CV1 (Lechene, 1988) .
Despite the usefulness of morphological criteria, high cellular content of K, low content of Na, and high K/Na ratio, as indicators of the value of a given washing procedure, the ideal approach is to compare the elemental content of cells prepared as whole mounts with the elemental content in cryosections, which are prepared without washing (Warley, 1994) . Nevertheless, few studies have compared these two methods (James-Kracke et al., 1980; Warley et al., 1994a) mostly because of the difficulties inherent in obtaining cryosections of cells grown as monolayers. Recently, Warley et al. (1994a) , in a comparative study of the element concentrations in airway smooth muscle cells prepared either as whole cells or cryosections, found that distilled water was an effective washing medium. The only significant differences were detected in the concentration of P which was lower in cryosections than in whole cells.
To test the usefulness of our method in the preparation of whole epithelial cells for EPXMA with SEM, we investigated the response of MCF-7 cells after treatment with ouabain (10 3 ). The effects of 10 3  ouabain on elemental content of MCF-7 cells are shown in Fig. 3 . After 30 min of exposure to ouabain, Na content increased from 28 2 to 192 14 and K concentration decreased from 420 12 to 174 17 mmol/kg dry weight. In addition, the K/Na ratio decreased from 16.8 1.5 to 1.1 0.1. These data indicate an exchange of intracellular K for extracellular Na. We also noted a concomitant increase in Cl content after ouabain treatment (Cl content increased from 103 4 to 129 11 mmol/kg dry weight). Recently, a similar small increase was reported in Cl after inhibition of the Na pump with ouabain in renal A6 cells (Borgmann et al., 1994) and in vascular smooth cells (Krep et al., 1996) . This increase in Cl content may have resulted from cell swelling caused by the influx of NaCl and water (Borgmann et al., 1994) .
In conclusion, we describe a simple method of preparing cultured epithelial tumour cells for X-ray microanalysis in the scanning electron microscope. Epithelial cells were adapted to grow on polycarbonate tissue culture plate well inserts. In addition, we tested the effect of different washing procedures on the element content of cultured cells. Our results demonstrate that washing with distilled water best preserves the morphological appearance and elemental composition of cultured cells. We hope that this method will be found useful in analysing the electrolyte transport mechanism of epithelial cultured cells. 
